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for the Salta, 1973 and Caucete, 1977 earthquakes are reported.

Refraction profiles suggest complex velocity structures in the
earth's upper 6 km,

Short-period noise levels vary more than 30 4B with local
geologies. Micro-~seismic storm long-period energy is mainly be-~
tween 5 and 10 seconds periods. Negative first motion on Argen~
tinian P-waves from Nevada Test Site presumed underground nuclear
explosions may indicate tectonic strain release associated with
these events. Primary EBurasian event signals are PKP-waves, in
correspondence with standard travel time vs. distance curves.
Signal arrivals between P~ and S-waves scem to be P- to S-wave
and S- to P-wave conversions on the lithosphere-asthenosphere
boundary, according to the literaturs, suggesting thatthis bound-
ary may be at a depth of 400 lm.
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ABSTRACT

An orientation study on regional seismology in Argen-
tina reveals extensive actual and projected seismometry. Data digi-
tigation is being initiated at some stations, and modern computing
facilities are being acquired. Most of the regional seismicity is
explained interms of the subduction of the Nazca plate under the
South American continent, but also intraplate earthquakes have oc-
curred. Part of the subduction, initially with a dip angle of 30°,
is horizontal. Seismicity gaps exist in the Province of Tucumén, and
in depth between 350 and 50C km. Source parameters for the Salta,
1973 and Caucete, 1977 earthquakes are reported. Refraction profiles
suggest complex velocity structures in the earth's upper 6 knm.

Short-period noise levels vary more than 304B with
local geologies. Micro-seismic storm long-period emnergy is mainly
between 5 and 10 seconds periods. Regative first motion on Argen-
tiniean P-waves from Nevada Test Site presumed underground nuclear
explosions may indicate tectonic strain release associated with
these events. Primary Eurasian event signals are PKP-waves, in cor-
respondence with standard travel time vs, distance curves. Signal
arrivals between P- and S-waves seem to be P- to S-wave and S- to
P-wave conversions on the lithosphere-asthenosphere boundary, accord-
ing to the litersture, suggesting that this boundary may be at a
depth of 400 km.
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SECTION I
INTRODUCTION

.115 Final Technical Report descridbes the work per-
formed under APOSR Contract No. F49620-79-C-0098, during the con-
tract period 1 May 1979 - 30 September 1980. The work concerns an
orientation of available research facilities, and research on topics
of regional seismology in Argentina in the context of worldwide
seismic surveillance,

A brief summary of the work performed during the fird
year's period, 1 May 1979 - 30 April 1980, was issued previously as
Annual Technical Report No.l. This comprehensive report dcerribes
the recearch, based on literature, personal communicatior, snd some
actual date, 3n Section II. Topics include: seismicity, source char-
anteristics, propagation velocities, noise, and signal characteris-
ties, Also includedis a summary of a publication concerning previous
recsesrch on the automatic detection, timing and identification of
seismic event sigrals. Conclusions, and suggestions for future work
are presented in Section III. Section IV contains the related biblio-
graphy.

|-




SiCTION II
RESEARCH

A. INTRODUCTION

This section describes the research performed during
the contruct period conc-rned. First, we present an overview of avail-
able research facilities in Argentina. Next, we treat the topics of
regional seismicity, source characteristics, propagation velocities,
noise, znd signel characteristics, as found from literature research,
personal communication, and seismic data. The final part surmarizes
a2 refinement of previous research which resulted in two publicsations.

B. RESEARCH F'CILYTTED

The major research facilities in Argentina are pro-
vided by the Instituto Nacional d¢ Prevencién S{smica (INPRES, Natio-
nal Institute of Seismic Surveillance). The objectives of this insti-
tute are enhsoncement of seismological studies, design of earthguake
resistsnt building codes, and ntional representation in seismology
and earthquake engineering matters. INPRES is responsible for the
installation and meitenance of national networks of seismographs,
strong-motion accelerometers, and seismoscopes (INPRES, 1979). The
projected s.itmograph netvork is presented in Figure 1I-1l, Short-
period seismometers are S-13, Benioff or ¥ood-Anderson; long-period {
seismometers are Press- .wing. The network includes a telemetered 1
four-station, verticsl component short-period array of approximately
25 km radius at San Juan. The INPRES sirong-motion accelerometsr
network counts 18 three-component Ishimoto instruments, to be aug-
mented with enother ten during 1980. The INPRES seismoscope network

I1-1 1
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FIGURE II-1
NATIONAL SEISMIC NETWORK OF THE REPUBLIC OF ARGEINTINA (INPRES, 1979)




consists of 114 seismoscopes, to be augmented with another 50 during
1980.

In addition to the operation and maintenance of the W
above mentioned instruments, INPRES performs special project seismi- .

city and seismic risk ctudies, for instance, for nuclear and hydro-
electric plants.

Besides the INPRES network of seismic stations, there
are the six-component WWSSN station at La Plata (LPA), the stations
CEN and ZON operated by the seismological institute ZONDA of the Uni-
versity of San Juan, and some seismographs at meteorological stations.
Station CEN is a remote station consisting of a vertical component,
short-period seismograph; ZON has 7-W and N=S horizontal component
mechanicel short-period seismogrzuphs, » verticzl component short-
period seismograph, and a 50-second E-# horizontal component long-

period seismograph. No data could be obtained for the meteorological |
station instruments. \3

The University of Tucumén meintains an experimental
g2eophysical station 20 km West of the city of Tucumdn, in the foot
of the Andes mountains. Instrumentation consists of a megnetometer,
pendulums, and a short-period verticel component seismometer with a
frequency response pcaking at 1 Hz. Technical problems so far have
prevented the seismograph to be operational as a seismic stations;
it is expected that its function will be restored shortly.
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Seismometers a2t the various seismic stations typi-
cally are placed in a vault at the end of a horizontel tunnel dug
in rock, anproximately as sketched in Pigure (1-2. Seismograms are

recorded on smoked or thermal paver, the former giving & considerably
hizher resolution.
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Both INFRES and the University of TucumZn (UNT) are
in the process of wcqguiring modern computing facilities, The INPRES
system is Hewlett-Packard with tape, disk, diskette and cassette
capability, and a digitizing table for digitizing analog seismograms,
The UNT facility is a Digital Equipmen* Corporation (DEC) VAX-11/780
system with disks and tape, and employing intelligent terminals with
diskette (flonpy disk) capability.

Finally, the following organizations provide regional
seismology literature:

. INPRES: reports and publications, seismic bulle-
tins

' Asociacién Argentina de Geoffcsicos y Geodestas
(Argentinian Association of Geophysicists and
Geodesists, AAGG): Geoacta, profssional journal.

° Instituto Panamericanu de Geograffa e Historia
(Panamerican Institute of Geography and History,
sponsored by the Organization of American
States: Revista Geoffsica (Geophysical Journal).

3. SEISMICITY

The seismicity in Argentina is determined mainly by
the relative tectonic movements of the Nazca Plate and the American
Plate, and, in particular, by the subduction of the former under the
latter, Pigure I1I-3. Summarizing the tectonic movements affecting
the Argentinian territory (Volponi, 1974, 1979), it is assumed that
convection currents thrusting upwards at the Mid-Atlantic Ridge
cause the African Plate to move eastward, and the American Plate
westward, both at a velocity of 2 cm/year around 30° S latitude.
The Nazca Plate appears to be moving eastward at 6 c¢m/year, thus

II-5
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c0lliding with the American Plate at a relative impact velocity of

8 cm/year at this latitude. The Nazca Plate underthrusts the American
FPlete with a dip angle of 30° with respect to the horizontszl, as
evidenced by seismicity patterns,

However, the subduction in South America Goes not
seem homogeneous {(Duda, 1976; Volponi, 1974, 1979). Volponi (1979)
distinguishes four major zones for the Argentinian territory (Figure
1I-4). Zone I, or the Northern Zone, between 18-26° S latitude and
63—72° ¥ longitude, extends from Southern Peru to the Argentinian
Province of Tucumdn, and covers parts of Northern Chili and Southern
Boliviae. The Eastern part of this zone, named Zone I', between 63
and 65° W longitude, contains the deep-focus earthquakes (500-700 km
depth). In this Nothern Zone, th: Benioff zone shows @ seismicity
gup between 350 and 550 km depth. Seismicity in this zone is highest
in the Salta and Jujuy provinces, near the Bolivian border, and tapers
off towards thc Province of Tucumén,

Zone 1I, or the Central Zone, comprises the provinces
of Catamarca, La Rioja, San Juan and Mendoza, South of Tucumdn, be-
tween 26-36° S and 66-73° W. The seismicity here is less than in the
Northern Zone, and shows specific characteristics (Figure II-5). The
seismicity producud between 30 znd 34°'S latitude shows that the dip
of the Benioff zone changes around 70.5° W longitude from 30° to
horizontal. EBactward of this longitude the seismicity seems to be
concentrated at apnroximately 120 km depth, These characteristics
a:e similar to those of centrsl Peru (Hasegawa and Sacks, 198C).

“one IIT, or the Patagonic Zone, covers the area south
of 36° s latitude, comprised by the Pacific Ocean neni: .2 _.lean
coast, Chili, and Western znd Southwestern Argentina. This zone i=s
characterized (Volponi, 1979) by the absence of intermediate depth

I1-7
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earthouakes. Rarely an earthquske with s depth greater then 70 km

is registered. The shallow earthquakes in this zone occur in gen-
eral around 75° W longitude. Before the strong earthquakes of South-
ern Chili in 1960, this area vwas considered aseismic. Seismicity
information is sparse, however, due to the fact that stations (in
Chili) have been operationel only during the last few years. The
seismic activity in this zone is produced by the tectonic interact-
ionbetween the South American, Nazca, and Antactic Plates,

which intersect around 45° S, South of the island Chiloe,

Zone IV, or the Mesoseismic Zone, is characterized
by 13 intraplate earthouekes, Figure 1I-6, of which no further details
were reported in the literature studied.

Concerning the Tucum4n area, this province seems
to exhibit a seismic gap. It is not known if this area is aseismic,
is subject to seismic creep, or if stresses are accumulating for a |
future tectonic energy release, In a study of seismicity affecting
the Tucumén province, and covering the area 25-29° S, 64-67° W, Zossi
(1979) found that most of the seismicity was concentrztied at 28° S, :
between 66 and 67° W, and in depth at ebout 170 km. This area of .
relatively high seismicity shows special geological features in that
it seems to be comprised of a depressed, northward dipping block.

Some of the seismicity data presented above were
compiled from historical data, going back as far as the year 1692,
Table 1I-1 gives an overview of the most important destructive
earthquakes. Where necessary, magnitudes were estimated from inten-
sity vs. distance curves, Figure II-7, obtained from observations
and historical descriptions.

Pigure 11-8 shows the maximum intensities observed
in Argentina until 1976. Figure 11-9 presents a scismic risk map
for the Argentinian territory celculated by INPRES (1978).
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FIGURE II-6
MOST IMPORTANT EARTHQUAKES IN ZON® IV, 1845 - 1968 (Volponi, 1979)
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TARLFE II-1
MOST INPORT'NT I !STRUCTIVE TARTH(UA¥ES IN ARG NTINA (INPRES, 1978)

UBICACION DENOMINACION I(MM)
FECHA arTiowe.| & | MAXTMA
13- 9-1692 | 25.3 | 64.8 | - 7.3 | Talavera (Salta) VIII
22- 5-1782 | 32.7 | 69.2 | - 6.5 | Santa Rita(Mendoza) VII
18-10-1844 | 24.8 [°64.7 | - 6.5 | Salta Vi1
20- 3-1861 | 32.9 | 68.9 |30 7.0 | Mendoza X
22-10-1871 | 23.2 | 64.5 | - 6.5 | Oran (Salta) VII1
27-10-1894 | 30.5 | 68.4 | 30 8.2 | Argentino X
12- 8-1903 | 32.1 | 69.1 |70 6.3 | Mendoza VIl
26- 7-1917 | 32.3 | 68.9 | - 6.5 | Mendoza ViI
17-12-1920 | 32,7 | 68.4 | 4U 6.3 | Costa de Araujo VIEI
(Mendoza)
14- 4-1927 | 32.4 [ 69.3 |60 7.4 | Mendoza VIII
30- 5-1929 | 34.9 | 68.0 | 40 6.5 | Sur Mendocino VII
(Mendoza)
24-12-1930 | 24.7 { 66.3 | 30 6.0 | La Poma (Salta) VIII
11- 6-1934 | 33.7 | 64.5 | 30 6.0 | Sampacho (Cdrdoba) VIII
22~ 5-1936 | 32.5 | 65.9 |40 6.2 | San Francisco VIII
(San Luis)

3- 7-1941 | 31.7 | 67.9 | 70 6.7 | Caucete (Sam Juan) VII
15~ 1-1944 | 31.4 | 68.4 | 30 7.8 | San Juan IX
25- 8-1948 | 24.9 | 64.8 | 50 7.0 | Salta VIIL
18-12-1949 | 54.1 | 70.5 | 30 7.8 | Tierra del Fuego VII
11- 6-1952 | 31.7 | 68.9 ! 30 7.0 | La Rinconada VIIL

(San Juan)
24-10-1957 | 28.9 | 68.0 | 37 6.0 | villa Castelli VIL
(La Rioja)
12- 5-1959 | 23.2 [ 64.7 (100 6.8 | San Andrés(Salta) Vil
21-10-1966 | 27.8 | 67.5 ! 30 5.0 | Belén (Catamarca) VIL
19-11-1973 | 24.8 | 64.6 |40 | 6.1 | Salta VI
17- 8-1974 | 23.3 | 64.4 | 30 | 5.G  Ordn (Salta) Vi1
23-11-1977 | 31.3 | 67.7 {46 | 7.4 : Ceucete(San Juan) IX
11-12
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Corcerning the b-velue in the recurrence relation
for earthouakes, log N = 2-bM, Duda (1976) reports the results com-
piled in Table I1-2, for all of South America, obtained from data of
381 earthquakes from a CERESIS (Centro Regional de Sicmologfa pera
América del Sur, Regional Seismology Center for South Americz) cata-
logue (Giesecke, 1971). The right-lmd column is arrived at by com=
pensztion for population size followimg Dude and Rahidi (1972), znd
suggests an increase in b-values for intermediate-depth earthquakes,
The latter would indicate that proportionally more small-mzgnitude
earthouakes occurred in South America in the intermediate c~pth
renge than at shallow depth. Por 622 earthquakes from the same cate-
logue, Dude (1976)also found a correlation betweenan incresse in
b=-value and a decrease in maximum mignitude with time, both pheno-
men:z cu - posedly indicating a chenge in the seismicity mode, possibly
due to z decreasing state of stress in the region over the time in-
terv:il studied.

D, SCURCE PARAMUTIRS

In the literature studied, source parameters were
reported for two Argentinian earthauakes, the Salta earthcuske of

19 November 1973 (Gershanik ot al., 1979), and the Caucete earthquake

of 23 November 1977 (Universidad Nacional de San Juan, 1979). The
results are listed in Table II-3, following the parameter definition
given by Aki and Richerds (1980). Trecice leveling measurements

t ken in 1976 and in 1978 indicate that the Cauceteearthquake caused
& 1.14 m uplift (Universidad Nacional de San Jusn, 1979). Cther
measurements suggest also & gradusl uplift of approximately 4.4 cm
over the period 1967-1976, accordinzg to the same reference.

I11-16
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b-VALUES FOR SCUTH AMERICAN EARTHQUAKES SOUTH OF lOoN, 1960 -~ 1969,

TABLE 1I-2

5.5 €£my £ 8.5 (after Duda, 1976)

number of depth b-~value
earthquakes|range (km) normal compensafedl—
381 all devoths 0.99 0.99
297 < 100 1.08 1.2
63 100 - 450 1.09 1.5
21 2 450 0.48 1.2

1compensated for population size (Duda and Rahici, 1972)

I1-17




ABLE TI-3

SOULCE PARAMETZRS FOUR TWO AR

i INTINIAN =

4 54

earthguake name Salt.a2 Cauzet 3
date 19 Nov 73 | 23 Nov 77
oarigin time 11:19:35 03:26:25
latitude 24.7% 31.7%
longi tude 64 .6% 68.9°W
depth (lm) 40 40

my, 5.8 7.3
N, 5.9 -
strike N76% N4 7%
aip 60° 70°
plunge - 65°
seismic moment (erg)(1.33 x 1026 2,16 x 1027
stress drop (bar) 37.3 8.75
displacement (cm) 50 120
fault length (km) 11.5 120

1Parameter definition according to Aki and Richards (1980)
Gershanik et al., 1979
Universidad Nacionel de San Jusn, 1979; INPRES, 1977
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Te PROPAGATION VITOCITI 'S

Iittle literature hus been found on regional propa-
gation velecities, Volponi (1368) composed a propagation velocity
etructure neasr Mendozn, bzsed on S-P travel time differences for a
series of four earthauakes ocecurring very shortly in succession at
37.8%, 68,9% on 21 Cetoher 1968 (Figure TI-10a). In this article,
Volponi suggests thut velecity structures in the upper part of the
crust may be more complex than indicated@. Thies seems evidenced by
refrection survey data juet Tast and South of Tucumén Province, re-
ported hy lossi (1979), resulting in the structure of Pigure II-10b,

P. FOISE CLARACTURISTICS

Volponi nné Mendiguren (1963) studied short-period
mesn noisc zmplitudes over s 100x25 km srea near San Juan, . using
l-second ins‘ruments at eight cites (Figure 1I-11). Despite the short
distances bheotween sites, there is considerable noise amplitude dif-
fcrence: 1 - 75 mpM, not counting site 8 which shows mainly traffic .
noise, Tiis is due bueie:lly to geologiczl differences, For instance,
cites 3 (~luvium) :vé 7 (precambrien rock) wre lesc than 15 km apart,
but show » 30 B difference in noise lev:-1l, The dominant noise period
in thie experiment viried between 0.5 and 1.0 seconds,

Short-period noise levels measured on the vertical
component of the AWSEN station et La Plata (LPA) typically vary
betwsen 160 znd 500 mu, with dominant periods of 1 and 2 seconds,
respectively (Figure 1I1-12). long-period noise levels at this station,
measured on the horizontal North component (Figure II-13) vary be-
tween 4 2nd 16 u, with dominant periods of 5 and 90 scconds, respec-
tively, in which the former are superimposed on the latter. The
station is located near san urban asrea over cediment, which >robably
explaine th: noise characteristics observed.

I11-19
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Propagution Velocity (km/s)
(a) 2 4 A (b

104 2
£ 20, 4.
S
o
a

3°q 6 1

FIGURE 1T-10
PROPLC ™TON YITOCTTY STRUCTURES TN "R ONTINA
(a) Mendoze: 31-32%5, 68-71%%,

(b) Near Tucumén Province:
After Volponi (1968).

26-28°3, 64-65,5%7, After
Zosei (1973).Fatched area
indicates velocity variation,




PIGURE IT-1l
MEAN SHORT-PSRICD NOTSZ 'WPLITUDES ABCUT 1 HZ, MEASURED AT EIGHT
SITES WITHIN 100 X 25 K¥ ARTA NSAR SAN JUAN (Volponi and lendigaren,

1963)
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FIGURE TII-13
HORIZONTAL NORTH COMPONENT, LONG-PERIOD NOISE SAMPLE FROM STATION LPA
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Triepp (1977) studi-d the spectra of micro-ceismic
storms registered with a horizontal %-W component, 50-second seizmo-
graph at the seismic station ZON (31033'5, 68041’W) near San Juun.
An example is given in Pigure II-14, Spectral peaks, some very nro-
nounced, seem to occur mainly betwren 5 and 10 seconds periads,

G. SIGH.T, CHARACTERISTICS

In an initial attempt to study characteristics of
regionally recorded seismic event signals, analog seismograms, re-
corded at the station CEN (Cerro Negro, 31034'33.0"3, 68045'15.0"W,
elevation 900 m), and contzining the primary waves of some Eurasian
and Nevada Test Site (NTS) events, were obtained from the Seismolo-
gical Institute ZONDA of the University of San Juan. NORSAR single-
site recordings of the P-waves of these events were studied by the
principal investigator in previous rsearch concerning the automatic
detection, timing and identification of seismic event signals (Unger,
1978a). The event details are listed in Table 1I-4, reproduction of
the CEN selsmograms is attempted in Figure II-15. Por comparison,the
correcunoniing NORSAR recordings and their associated envelopes are
presented in Figure II-16,

Three itens of interest were analyzed: travel time
and wave identification, first motion, and secondary signal onsets,
The results ure combined, znd compared with readings from the NORSAR
records, in Table II-5,

The significant primary signals of RZurasian events
received in Argentina, epicentral distance A-140°-160°, are PKP waves,
those of the NTS events, A-82°. short-period P-waves, The travel times
of these waves correspond well to standard travel time vs, distance
curves,
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FIGURE II-14
LCNG-PZRICD MICRO-SHISNIC ZTCPN SPECTRA (TRIZP, 1977)
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CURASIAN AND NTS EVINTS USED IN ARGENTINIAN
SIGNAIL CHARACTIRISTICS STUDY

TABLE TI-4

Event [VDate

Origin Place Latitude (Longitude |Depth Clas-
Number?! (m/d/y) Time (°N) (icm) sifi-
(h:m:s) cation?
21 ]09/06/71]13:37:11.0{Kurile Is.,| 46.7 29 |6.1{ Q
22 |09/03/71123:01:06.0(Kurile Is.| 44.4 7 16.0] Q
87 101/20/75(17:31:10.6(Japan 35.0 28 [5.9] Q
90 |05/C4/75{09:31:59.5(Japan 37.1 24 (5.8| ¢
53 |12/10/72 |04 :27:08.4 |E . .Kazakh 50.1 0 [6.0] E
58 112/10/72 |04 :26:57.7|E.Knzakh 49,8 0 (5.7 E
60 |08/15/73]01:59:58,0({S.Xazakh 42.7 0 |5.3] P
11 {08/30/74 {15 :00:00.0|NTS 37.2 0 |5.8] N
15 |(07/08/71|14:00:00.0|NTS 37.1 0 5.5 N

Lsame us in Unger (1978a)

2

Q -~ Yurasian e:rthouake

E
P
N
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Eastern ¥X: zrnkh pre.umed underground nuclear explosion
Russian preswred peaceful underground nuclesr exnlorion
Nevzda Test Site (NTS) precumed underground nuclear explocion
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20 Jan 75
* 17:50:50

FIGURE II-15 (Page 1 of ?2)
STATION CEN SEISMOGRAMS FOR TURASIAN AND NTS EVENTS
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FPIGURE II-15 (Page 2 of 2)
STATION CEN SEISMOGRAMS FOR EURASIAN AND NTS ZVINTS
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Eastern Kazakh Presumed Nuclear Explosions

53B-E 58-E
----- ot e s vl et s Sl D" e ol sB ST 0SS Taiies
i
| | i
| I | 1
T ™ 4 7 - Jiap A

60-P

43 | 50 35
NTS Presumed Nuclear Explosions
ll-N 15_N

Relative Time (s)
PIGURE II-16 (Page 2 of ?2)
NCRSAR SINGLE-SITE SEISMCGRAMS AND TNVETOPES OF ZURASIAN AND NTS
EVENTS, WIT# ANALYST (?) AND AUTOMATIC (!) SIGNAL ONSET TIIING
(Unger, 1978a)
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TARLE II-5

CHARACTRRISTICS OP TRIMATY SIGNALS F.OF EURASIAN
AND NPS BVENTS, RECORDED IN ARGUENTINA

ent [Distance (°) CEN Signuls |Pirst Yotion | Secondarv stgnnl]
i urber| CEN [NORSAR|Trevel flave CZN |NORSAR Delays (s)
f Time [Identi- CEN  MORSAR
(m:8) [fieation
f 21 | 147 65 [19:05.4 PkP . + 1.8 | 1.0
22 147 T0 19:43.9. PKP - + 1.2 1.0
87 157 76 |[20:01.4 TPKP + + 1.5 1.5
90 157 74 |20:00,00 PKP - - 0.8 1.2
\ 53 148 38 |19:51.8 PKP + + 0.8 0.8
58 148 38 [19:52.8 PKP + + 1,2 0.7
60 147 38 |19:35.4 PFKP - + 1.7 1.0
n 82 73 |22:20.94 P - + 1.4 | 1.3
15 82 73 |12:21, P - + 1,4 1.3

Ribic =T o

i s S 1




For both NTS precumed underground explosions, P-wave
first motion on the Argentinisn records is negztive, contradictory
to the expectation of uniform compressional first motion radiation
for sn underground explosion source mod«1 (Dahlman and Israelson, 1977).
First motion is positive on the corresponding NORSAR records. A pos=-
sible explunation is tectonic strain release associated with explo-
sions (Rodean, 1980), resulting in compression at some stations and
dilatation at others, depending on thc tcctonic strain relemse r-diation
pattern., In this respect, it may be of interest to ndOte that the NCRSAR
end CEN nzimuths from the NTS differ by approximately 90°, so that
first motion would indeed be likely to be different at the two sta-
tions., Neaturally, this hysothesis would have to be further tested
with a statisticazlly sufficient signal population, Because of uncer-
tainty in core boundary effects, interpretation of PKP-wave first
motion information has been omitted in this study.

The onset of secondary signals is relevant in event
identificztion, in nart since they may be depth phases giving infor-
mation about source depth, and in part because the relation between
the relative amount of multiple signals, or pulse complexity, and
gignal frenuency seems a strong contributor in multi-variate dis-
crimination (Sax et al., 1978; Sax and Unger, 1980; Unger, 1978a;
Unger, 1980). In the NORSAR recordings, secondary signal onset de-
termination wae aided by the accompanying traces of the instanta-
neous smplitude or envelope; in the CEN recordings, secondary signal
onsets hud to be determined from apparent signal phasing or interfe-
rence in the raw seismograms. Therefore, it is possible that secondary
signal onsets in the CEN seismograms may have gone undetected. The
NORSAR and CEN recordings of the MTS P-waves show good coincidence in
secondary signal delays (Table JI-5). However, only two or the seven
Eurasian events, ¢7 and 53, show coincidence in secondery signel de-
leys zrong the CEN PKXP-waves and the NORSAR P-waves, suggesting that
secondary sighal delay information mzy be changed or lost at the core
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boundury. In view of the above, und nnturzlly also bcecuuse of the
lower possibility of dutection, PKP waves are expected tc be only
of limited vualue in event identificztion.

Concerning both teleseismic znd regionsl signal de-
tcetion, Figure II-17 shows an INPRES detection bulletin for one of
its stations, reflecting in general good P- and S-wave detection.
Apparently, no other phases zre identified in this bulletin,

Pinzlly, in the literature, Sacks and Snoke (1977)
report the arrivsl of seismic waves hetween P- and S-weves at South
Areric:n stations from lsrge, rcgional deep-focus earthguakes. They

interpret these to be sp and ps waves, i.e,, waves which convert from

S to P and from P to S, respectively, upon refraction acrosc =n ap-
proximstely horizontzl interface at a devth of 400 km., Pased ~n an
arparent velocity reversel, they suggest that this discontinuity may
be the lithosphere-asthenosphere boundary.

H. LUTONATIC CIGHNAL DETECTION, TINING AVD IDUNTIFICATION

I view of possible future a:plication to Argertinian

geismolory, research performed previously by the principal investi-
oz.tor, ~nd concerning the automatic dectection, timing =2nd idc¢ntifi-
cuation of sei=mic event signals (Unger, 1978a, 1978b) wac refined
and conrclidzted in two presentations (Sax and Unger, 1980; Unger,
1980), The luztter has been prepared for publication,

This research emphasiz~e the quantification of the
essentic)l time-domzin information of seismiec waveforms a2n? its use
in achieving the sbove mentioned objectives, It is shown that an
efficient sntorztic envelope detector and timer for short-period
gignale o be designed, This detector czn be ecuipped with a
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IdPRES
INSTITUTO WACLONAL DL PREVENCIOJ SISKICA

SAN JuAN ARGENTINA i
LECTURAS PROVISORIAS DE LA ESTACION SISMOLOGICA
"TANTI" - TCA - CORDOSA - R. Ary.
Mes: MARZO Afo: 1980
Coordenadas: Latitud =-31° 20' 19"
Longitud  64° 35° 27"
Instrumentos: § - 13 SP - (4; H-S; E~W) 'l'.- 1 seg.
- -
‘.l" 1 seg
DIA COMP; FASE MOV, HORA MIN. SEG. OBSERVACIONZS “
NENT! (GMT) i
08 SP 2 ip . 07-01-34.5 5.
SP N-S s 02-26.2
09 SP 2z eP - 22-58-11.0 g
SP E-W 3 59-53.5 Pt
11 SP 2 eP + 01-00-08.0
12 SP 2 epP - 09-56-34.2
SP N-8 s 57-12.0
14 SP 2 eP - 14-10-40.5
SP N-S s 11-15.0
15 SP 2 eP + 01-29-24.0
SP 2 er + 04-01-00.5
SP E-W s 02-18.5
16 SP 2 eP - 18-53-17.2
SP E-W S 54~26.5
17 SP 2 (e) 2 15-53-49.0
SP E-W S 54-26.0
19 SP 2 iP - 01-13-26.8 4 = 10 Km
SP N-S S 29.8
SP Z eP - 14-57-34.5
SP N-§ s 5$8-50.5
20 SP 2 eP (+) 22-53-17.5
SP N-S S 56.5
21 SP Z ip - 22-02-06.0
SP N-S s 41.5
22 &P 2 eP - 02-11-07.8
SP 2z eP + 02-26-41.0
25 SP 2 ip - 00-52-33.9
SP N-S s 53-34.0
SP 2 eP - 22~04-57.0
SP N-S s 36.8
28 SP 2 eP - 01-27-46.2
SP 2 s 28-27.8
SP 2 ipP + 09-34-58.0

PIGURE II-17
INPRES T PECTICN RULILZTIN FOR STATION TCA




controllable false alarm rate, based on a Gaussian noise model. Well-
dispersed long-period surface waves may be detected by means of sta-
tistical phase bias observation.

For Rurasian events, short-period phase and frejuency
related identification parameters (pulse complexity and mean instan-
taneous frequency), produced automatically by the envelope detector,
ere believed to show an inverse relation between the size and the
emount of tectonic energy release ruptures; the ruptures triggered by
explosions then appear to be smaller than the spontaneous ruptures in
earthquakes,




SECTION 111
CONCLUSIUNS AND PUTURE WORK

A literature orientation on regional seismology in
Argentina, and an initiation of a study on noise and signal char-
aracteristics have been presented.

Existing and projected research facilities, including
seismometry, digitizing of dats, and modern computing facilities,
together with active regional seismic phenomena, form a strong basis
for future work. Most of the seismicity is explained in terms of tec-
tonic movement. However, for instance, the apparent seismicity gap
in Tucumén Province and absence of seismic activity at depths be-
tween 350 and 500 km, the seemingly horizontal part of the subduction
of the Nagca Plate under the South American Continent, and the depth
of the lithosfere-asthenosphere boundary are items suitable for fur-
ther investigation.

If feasible, moment tensor program application to
the regional and teleseismic signals of Argentinian events could
augment considerably the knowledge of regional source parameters
and propagation phenomena. It then would be interesting to correlate
signal and source characteristics through automatic signal parameter-
ization.

Noise characteristice confirm the relatively high
amplitude levels of stations located over sediment and eluvium, in
contrast to levels of a few mp for hard rock sites. Iocal differnces
may be as much as 30dB, Micro-seismic strorms seem to have their
long-period energy mainly between 5 and 10 second periods.
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Characteristics of teleseismic signals received in
Argentina from Eurasian and NTS events show negative first motion
on the NTS P-waves, and possible changes due to the P to PKP wave con-
version at the core boundary as evidenced by secondary signal onsets.
The former may indicate tectonic strain release associated with under-
ground explosions,

Under continued research, installation of a digital
station with gutomatic signal detection and recording are projected.
The feasibility of automatic signal parameterization according to an
international data format will be studied, and local noise messure-
ments may be tested against a Gaussian noise model, for false alarm
rate control of the automatic detector,
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